ABSTRACT: This study was carried out in 147 forest units of seven sites of Terai Arc Landscape (TAL) in 2009 and 2012 to analyse and compare the structure of biodiversity within community based forest management (CBM) and state managed systems (SMS) and investigate the relationship among biodiversity indices. For each of these management modes, we simultaneously analysed 24 indices that are theoretically complementary and relate to number of species, evenness and diversity. Principal component analysis (PCA) with varimax rotation and multiple regression analysis (MLRA) were carried out to investigate empirical relationships between the selected indices. Under landscape level conservation, CBM has been found significantly better than SMS on diversity indices. The results confirmed that instead of using PCA and MLRA separately, use of factor score of PCA in MLRA can offer a good opportunity for developing and predicting model or equations on performance of biodiversity without multicollinearity problem.
I. INRODUCTION
Biodiversity is an important consideration in landscape level conservation particularly in areas under severe threats (Kharal and Oli, 2008) . In case of Nepal, forests are brought under different management interventions under Terai Arc Landscape (TAL) program with increased number and area (International Forest Fire News, IFFN, 2006; National Planning Commission, NPC, 2012 and 2013; Ministry of Forests and Soil Conservation, MFSC, 2013), but there is limited information and monitoring on biodiversity conservation in terms of species richness, taxic diversity and crown coverage (Poudel, 2009 ). Though, there are some baseline information in community based forest operational plans about tree species, diameter class distribution and tree size (seedling, sapling, pole and tree), the basic usage of the information has been just to estimate timber volume (MFSC, 2009).
As biodiversity cannot be measured and monitored directly (Geburek, et al. 2010 ), a number of different measures on indicators have been proposed. The indicators must be measurable, scientifically valid and capable of providing information for management decision-making concerning different levels of biodiversity (Donnelly, et al. 2007; and Geburek, et al. 2010) . Although there are some study reports about the biodiversity conservation focused on specific forest management regimes in particular forest areas of Nepal, however, these studies lack coverage of action focused approach or framework on forest biodiversity assessment.
This study a) assesses the performance of TAL program on biodiversity conservation by comparing plant species richness, evenness and diversity indices and b) examines the relationship between selected variables of biodiversity measurement with reference to the forest management modes and develop model for biodiversity indices making and prediction.
II. MATERIALS & METHODS
The study was carried out in 147 forest units (n) out of 240 forest units (N) of seven corridors and bottleneck areas namely Mohana-Laljhadi, Basanta, Khata, Barandavar, Mahadevpuri, Lamahi and Dovan and associated buffer zone areas in 2009 and 2012 with sampling error of 5% based on Cochran's sample size formula for categorical data collection. The sample units were divided into four groups (ACF) -After Community Forests, (n = 43); Group 2 (BCF) -Before Community Forests, (n= 43); Group 3 (BZC) -Nearby buffer-zone community forests, (n=18); and Group 4 (GMF)-nearby government managed forests (GMF), (n=43). Due to the proximity and topographical similarity within each modes, it is possible to observe large differences in the social and management factors of the different categories of the forest area studied. Field work was conducted by following the inventory protocols developed by the Government of Nepal (Department of Forests, DoF 2004; Aryal, et al. 2012 ) and attempted to incorporate ethnobotanical and biodiversity perspectives. The species richness, evenness and unified indices were calculated for each site and each management modes. BetaDiversity for each site was calculated on the basis of data from plots. The principal components were rotated via a varimax procedure to produce factors. Multiple Regression procedure was used to correlate species richness, evenness and biodiversity index.
III. RESULTS
According to the analysis of α biodiversity indexes (Table 2) , it was found that ACF environments are the most diverse (N=11995, S=32; d= 440/ha; Dmg=2.667; Dmn=0.433) while GMF are the least diverse (N=1999; S=17; d= 272/ha; Dmg= 0.944; Dmn=0. 289). All diversity indices, including Reciprocal Simpson Diversity Index (1/λ), Shannon Diversity Index ( H'), Dominance Index (D) Inverted Berger-Parker Dominance Index (1/d) revealed that the ACF (1/λ=3.443; H'=3.152; D=0.629; 1/d=3.63) strongly dominate the rest modalities every regards. Similar result was found in the case of BZC (1/λ = 2.793; H' = 2.845; D=0.563; 1/d=3.17). GMFs were found the least diverse (1/λ = 1.642; H' = 1.874; D=0.249; 1/d=2.320) and greater evenness (J=0.846 and E=0.632).
These observations can be explained according to the characteristics of forest management category. The CBMs record a greater abundance as well as a higher variety of environments that are able to be develop by forests species than in other categories of forests. That means a greater amount of forest products available to be exploited by different communities of locals along the years. The buffer-zone, can be defined as transitional environments between CF and GMFs categories. The factor of legal rights of use in combination with duties of protections determines conducive environment for vegetation and diversity. GMF and BCF represent the most extreme type of environment on poor governance and high threats limiting diversity observed in these categories. As shown in Table 3 , the absolute beta value, total amount of species turnover among the subunits of management, appeared to be highest in ACF (22.2) and lowest in BCF (12.5). Routledge's Beta index however shows that in terms of over lapping species pairs that beta diversity is greatest in ACF sites (7.73) followed by BZC sites (4.58), GMF sites (4.49) and then by BCF sites (2.5). Comparisons of Mountford's index in management modality showed the highest value to BCF (-0.6157) and lowest value to ACF (-0.1063). Community similarity in terms of comparing the number of common species showed the highest value of ACF (23) and lowest of BZC (12). 
Principal component analyses (PCA) and multiple regression analyses (MLRA)
The measured biodiversity characteristics were assessed by using scores derived from factor and PCA in MLRA for CBM and SMS. The summary results for MLRA in the CBM and SMS is presented in 
Results of Using Factor Scores in Multiple Linear
Results of factor analysis are given in Table 5 Results for using factor scores (FS) in MLRA are in Table 6 CBM: The PCA results for CBM and SMS are presented in Table 5 . For SMS, two new-latent-regressors whose eigenvalues were 9.417 and 2.814 with 47.9% variation explained and their PCA equations were written below: Results from PCA scores in MLRA are described in Table 8 and displayed worthy predictors of two PC scores for CBM (86.5 % R 2 and Adjusted % 86.4 R 2 ). RMSE was observed 0.433. Using PCA scores in MLRA without multicollinearity problem was a good choice to achieve the greatest importance results. They yielded much high with 88.7 % R 2 and adjusted R 2 88.5 % with RMSE 0.422 in SMS. 
SMS:
PC1=
IV. DISCUSSION AND CONCLUSION
The comparative design of this study allowed us to compare the performance between forests under different management modes. Due to the proximity and topographical similarity within each modes, differences in biodiversity indices are unlikely to be due to environmental factors; rather the impacts of management activities have resulted in differences in parameters. Differences in management activities are due forestry governance i.e. rules and management regimes. Under landscape level conservation, CBM has significantly better performance than SMS on diversity indices.
In literature, PCA and MLRA have been widely preferred with the goal to develop and predict index of biodiversity. (James, et al. 2006; Honnay, et al. 2009 ). However, use of factor scores of PCA in MLRA in order to remove
